The pp → ppη and pp → pΛK + reactions near threshold are dominated by the first and second S 11 resonance respectively. It is shown that a one-pion-exchange model exciting these isobars reproduces well the ratio of the production cross sections. The consequences for this and other channels are discussed.
The production of η mesons near threshold has been subjected to intense experimental effort in the last few years for both nucleon-nucleon [1, 2, 3] and nucleon-nucleus collisions [4] . The low energy η-nucleon interaction is very strong because of the presence of the first S 11 resonance, the N * (1535), which has a large branching ratio into ηN and whose width overlaps this threshold.
The measurements [1] of the 'elementary' pp → ppη reaction, shown in fig. 1 , exhibit an energy dependence which is dominated by the proton-proton final state interaction (FSI) weighted by the three-body phase space. This is easily understood in terms of the one-meson-exchange model illustrated in fig. 2 [5] . The high momentum transfers necessary for the production of such a large mass means that the S-wave amplitude depends primarily on the pp wave function at very short distances, with only a weak dependence arising from the incident beam energy. It has to be borne in mind that an excitation energy Q of say 20 MeV is very small compared to the N * (1535) width of 150 MeV. The strengths of the different meson exchanges then merely fix the normalisation of the cross section and there is here considerable controversy on the importance of the π, ρ and η terms [5] . Their relative size influences significantly the ratio of η production in pp → ppη and pn → pnη collisions, the latter being more copious by about a factor of six [3, 6] .
The first measurement of K + production via the analogous pp → pΛK + reaction close to threshold (Q = 2 MeV) has just been reported [7] . It is important to note that the threshold K + Λ system is dominated by the second S 11 resonance, the N * (1650). This means that forms of the production operators and all the spin-angular momentum algebra are identical in the two cases; the observation of an η or a K merely tags which of the two S 11 resonances has been excited. It is therefore worthwhile asking if the same type of meson exchange model is capable of explaining simultaneously the near-threshold η and K production data.
The form of the production operator corresponding to the pion-exchange contribution to the pp → ppη amplitude shown in fig. 2 is discussed in detail in ref. [5] but at high momentum transfers it reduces effectively to a δ-function in the inter-baryon separation vector r [8] ,
where f π 0 p→ηp is the η-production amplitude in the pion-nucleon channel.
The value of λ is influenced by the coupling constant, form factors, distortion etc.
We have previously shown [8, 9] that the S-wave proton-proton wave function at short distances has an energy dependence of the form
where k is the proton momentum and α the wave number of the virtual bound state in the pp system. Taking the parameters of the Paris wave function [10] , given in table 1, and neglecting the energy dependence resulting from the pion-nucleon amplitude, this form gives an excellent description of the energy dependence of near-threshold pion production in pp → ppπ 0 ; the shape is indistinguishable from the predictions of more microscopic calculations.
In order to compare η and K + production quantitatively, we need not only the energy dependence of the zero-range baryon-baryon wave function but also its normalisation. Due to their simplicity, we parametrise the Swave pp and Λp systems using Bargmann potentials [11] . In terms of α and a shape parameter β, the scattering length and effective range are given by
There is much uncertainty in the values of the low energy spin-singlet and spin-triplet Λp parameters but, taking the theoretical and experimental estimates given respectively in refs. [12] and [13] as representative, we find the values of α and β quoted in table 1.
The non-relativistic three-body phase space weighted with the FSI energy dependence of eq.(2) can be easily integrated to yield cross sections
where C is the same constant for both η and K production, and separate contributions of the different Λp spin states have been summed.
The final state interactions are represented by the functions Z(Q), whose generic expression is
where ǫ = α 2 /2µ, with µ being the reduced mass in the pp and pΛ systems.
The experimental values of the pion-induced η and K production amplitudes at threshold can be deduced from π − p data and are found to be |f π 0 p→ηp | 2 = (380 ± 50) µb/sr [14] and |f π 0 p→K + Λ | 2 = (25 ± 5) µb/sr [15] .
The prediction of eq.(5) for pp → ppη, shown in fig. 1 , describes most of the observed energy dependence of the cross section. The deviation of about a factor of 1.6 from the curve at high Q could be the result of final state interactions of the η with a proton but this is a small effect compared to the factor of 30 variation with energy shown in the figure. The overall theoretical normalisation is uncertain by at least a factor of two due to the effects of ρ exchange, form factors etc., but the values are not too dissimilar to those shown in fig. 1 [5] . Choosing rather to fix the scale by letting the curve pass through the lower points of the η data, eq.(4) then predicts absolute cross sections for the pp → pΛK + reaction. It is very reassuring that the curves corresponding to different values of the Λp singlet scattering length [12, 13] pass through the error bars of the one measured point [7] . The curves do however diverge further at higher Q.
It would easily be possible to include the finite-range effects in the production operators, but these lead to comparatively small changes in cross section predictions [8] . In view of the uncertainties of the ρ couplings to the two S 11
isobars and the poorly determined Λp S-wave parameters, it is unrealistic at present to go much further than the simplistic zero-range approximation given here. However we have at the very least shown that it is dangerous to model the pp → ppη and pp → pΛK + reactions independently. A more refined treatment would also have examine the effects of K + -exchange diagrams on pΛK + production, though these are likely to be weak since no exotic S = +1 resonances are known.
The approach will be tested further when new data become available at various energies in the range 1 ≤ Q ≤ 5 MeV [7] . However, from the experience gained from exciting the first S 11 resonance through η production, the production rates with a neutron target giving pn → pΛK 0 /nΛK + are likely to be larger by a factor of 5-10 compared to those in pp collisions. It is therefore an experimental challenge to find ways of measuring them. The COSY pp → pΛK + experiment could herald in a generation of near-threshold ΛK + production experiments on light nuclei which will be sensitive to the S-wave Λ-nucleus interaction.
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